Letters to the Editor will be published, if suitable, and as space permits. They should not exceed 1,000 words (typed double spaced) in length, and may be subject to editing or abridgment.
Preload, Afterload, Volume Loading, Pressure Loading To the Editor:
We read with the greatest interest the paper entitled "Contrasting influences of alterations in ventricular preload and afterload upon systemic hemodynamics, function and metabolism of ischemic myocardium," by Wyatt et al. (Circulation 55: 318, 1977) . This paper clearly demonstrates that, after a 50% coronary stenosis in dogs, the balance between oxygen supply and demand is more precarious during volume loading than during angiotensin infusion.
Nevertheless, we think that the terms "contrasting influence" of "preload" and "afterload" used in this study may be misleading with respect to therapeutic implications in coronary care units. Indeed, metabolic requirements of the heart essentially depend on the total tension generated; and this total tension is related during systole to the total load of the heart (i.e., preload plus afterload) as indicated recently by Brutsaert and Paulus.' Wyatt et al. do not measure the wall tension in their experiments but some results indicate that tension must be greater during their increased preload test than during angiotensin infusion: during maximal preloading, mean arterial pressure equals 115 mm Hg with a significantly greater end-diastolic length (+ 34%) and total external work (+ 48%) while during angiotensin, mean arterial pressure equals 127 mm Hg but without significant increases in end-diastolic length or total work (Anrep effect ?).
We therefore think that the metabolic changes observed depend more on the different works imposed on the heart than on the effects of preload or afterload per se. It is even possible that opposite metabolic changes could have been found if the preload test was performed from a slightly hypovolemic level to normal filling pressure while the angiotensin infusion was administered in doses sufficient to increase both systolic and end-diastolic left ventricular pressures, a situation which is more likely to occur when a vasoconstrictor agent is used after acute myocardial infarction.
H. POULEUR, M.D.
J. COL M.D. University of Louvain Brussels, Belgium Reference 1. Brutsaert DL, Paulus WT: Loading and performance of the heart as muscle and pump. Cardiovasc Res 11: 1, 1977 The authors reply: To the Editor: The terms "preload" and "afterload" are often used with respect to ventricular loading conditions, but may well be misleading because of the continuous interplay between preloading and afterloading conditions in the intact heart. Perhaps the terms "volume loading" and "pressure loading" would have been more appropriate for this study.
However, with respect to the determinants of metabolic requirements of the heart, we would not analyze the data as Drs. Pouleur and Col have suggested since volume work (increase in end-diastolic and stroke volumes) and pressure work (increase in ventricular pressure) are not equally important." 2 It is well recognized that the primary determinants of myocardial oxygen consumption are: 1) Developed tension X heart rate; this may be estimated by the area under the ventricular pressure pulse (tension-time index) or the product of peak ventricular pressure and heart rate (index of cardiac effort). 2) Contractility.
End-diastolic length and external cardiac work (stroke work) contribute very little to the oxygen requirements of the beating heart. In this study since heart rate changed very little and contractility was assumed to change very little, the most important factor was thought to be the change in left ventricular systolic pressure (reflected by the change in mean arterial pressure). Mean arterial pressure and peak left ventricular pressure increased more with angiotensin infusion (32 mm Hg) than with volume loading (a. 17 mm Hg, b. 28 mm Hg); therefore, myocardial oxygen requirements probably increased more with angiotensin infusion. However, blood flow beyond the LAD stenosis increased by approximately the same amount for each intervention.
An intriguing question then is this: If the increase in oxygen supply was similar in both groups but the increase in oxygen demand was greater with angiotensin, why did lactate outputs indicate an improvement with angiotensin infusion and a worsening with volume loading? The answer is probably found in a study by Kjekshus' in which he used radioactive microspheres to measure myocardial blood flow distribution with volume loading during coronary occlusion in the dog. He found that in ischemic myocardium volume loading causes a redistribution of blood flow from endocardium to epicardium; the increase in ischemic blood flow that occurred was almost entirely within the epicardial regions. He concluded that because of the increased ventricular diastolic pressures with volume loading extravascular compression was increased at the endocardial areas. A similar phenomenon may have occurred in the present study. The increase in LAD flow that occurred with volume loading may have been primarily epicardial, the endocardium becoming more ischemic with increasing lactate output. On the other hand since left ventricular end-diastolic pressure was not enhanced with angiotensin infusion, the increase in LAD flow was probably equally distributed between endo and epicardium with a consequent reduction of lactate output.
Clinical conditions obviously may be different from these experimental conditions; therefore the extent to which these findings are applicable to specific clinical situations is not known. We agree with Drs. Polem and co-workers that it is quite possible that modification of the experimental conditions might modify the results. For instance, volume loading in the presence of hypovolemia or more extensive pressure loading might give different results. Likewise, the same interventions in the presence of more extensive myocardial ischemia or infarction might give different results. 
Causes of ST-Segment Elevation
To the Editor: In their editorial on ST-segment mapping Braunwald and Marokol discuss the mechanisms and factors which cause ST-seg-498 ment elevations. There are, at present, data to support the concept that ST-segment mapping is a helpful method to assess the ischemic injury to the heart muscle. 2 The factors which induce ST-segment elevation, the influence of a paradoxical systolic bulging which occurs following acute coronary occlusion, should also be considered.''4 The presence of ST-segment elevation in most of the cases with left ventricular aneurysm,6'7 elevated ST segments on exercise in the same patients,8'9 as well as the decrease of these changes following aneurysmectomy'5 showed that abnormal wall motion seems to be an important factor in the causation of electrocardiographic changes. I used an experimental model to demonstrate the influence of local contractility changes during acute ischemic injury on the ST-segment mapping." The experimental model consisted of the occlusion of the left anterior descending coronary artery and the recording of ECG activity by nine electrodes fixed on a patch of cloth sutured to the myocardium by two kinds of thread, an elastic one and a rigid one. The experiment was carried out in two consecutive stages. In the first stage, epicardial ECG, femoral artery pressure, LVEDP, dP/dt and heart rate were recorded in 11 dogs before and every five minutes after coronary occlusion during 45 minutes. During this period the patch with electrodes was maintained on the epicardium by the rigid threads, while the elastic ones had no role. In the second stage, cutting the rigid threads and leaving the patch maintained only by the elastic ones, an aneurysmal bulging of the wall was immediately observed with significant increase of ST-segment elevation (P < 0.01), decrease of dP/dt (P < 0.001) and nonsignificant increase of LVEDP, decrease of heart rate and systolic arterial pressure.
The findings provide experimental support for a definite relationship between systolic paradoxical pulsation of ventricular wall rendered acutely ischemic and ST-segment elevation. COSTIN I. CARP, M.D.
The Caritas Hospital
Traian Street 27, Medical Institute Bucharest, Roumania
